
Abstract. Background: 5-Fluorouracil (5-FU) is the
backbone of chemotherapy regimens approved for treatment
of colorectal cancer. The incidence of cardiotoxicity
associated with 5-FU ranges from 1.5% to 18%; 48% as
anginal symptoms and 2% as cardiogenic shock.
Cardiotoxicity is unpredictable and no alternative
chemotherapeutics have been defined so far. Patients and
Methods: We present a case series of six patients who
developed cardiotoxicity on infusional fluorouracil and/or
capecitabine and were challenged with bolus 5-FU for the
treatment of their malignancies. Four patients were tested for
polymorphic abnormality of the human dihydropyrimidine
dehydrogenase gene (DPYD) with the TheraGuide 5-FU™
(Myriad Genetic Laboratories, Inc., Salt Lake City, UT, USA)
pharmacogenetic test. Results: Five patients were challenged
with oral capecitabine that reproduced clinical and/or
diagnostic concerns. All six patients tolerated bolus 5-FU
either as a radiosensitizing agent or as chemotherapy
without recurrence of a cardiac insult. DPYD was normal in
the four patients tested. Conclusion: Cardiotoxicity induced
by 5-FU seems to be schedule-dependent. Bolus 5-FU can
be used in patients developing cardiotoxicity due to 5-FU
infusion or capecitabine with vigilance.

5-Fluorouracil (5-FU) is the third most commonly used
chemotherapeutic agent worldwide for the treatment of solid
malignancies, including cancer arising in the head and neck,
esophagus, stomach, colon, rectum, anus and breast (1). 5-FU
may be administered as a bolus injection modulated by

leucovorin (LV), either weekly (Roswell regimen) or daily for
five days every four weeks (Mayo Regimen), or as a continuous
infusion on an outpatient basis (2). The spectrum of toxicity
differs with the different schedules of administration of 5-FU
and is fairly predictable based on dose, schedule and route of
administration (3). When 5-FU is given as i.v. bolus by the
mayo regimen at a dosage of 400-500 mg/m2 per day, the most
common toxicity includes bone marrow suppression followed
by diarrhea and mucositis. When 5-FU is given as i.v. bolus by
the Rowell regimen at a 450-500 mg/m2, the main toxicity
consists of neutropenia. On the other hand, when 5-FU is given
as a continuous infusion (CIV) daily for five days at a dosage of
750-1000 mg/m2, the main toxicities include mucositis and
diarrhea. By a protracted continuous infusion (PIF) given at a
dose range of 200-400 mg/m2, the main side effects consist of
mucositis and hand and foot syndrome (HFS). When in a
hepatic artery infusion (HAI) daily for 14-21 days at a dose
range of 750-1000 mg/m2, the main side-effects of 5-FU consist
of mucositis and diarrhea. When given intraperitoneally for 
32-124 hours in a dose of 5M, mucositis and diarrhea constitute
the main adverse effects. Although there is no statistical
difference in efficacy parameters, infusional 5-FU has
demonstrated a better toxicity profile compared to bolus
administration (4). 

5-FU is combined with other agents in many regimens,
such as oxaliplatin (FOLFOX; FLOX; EOF), irinotecan
(FOLFIRI), and cisplatin (ECF). Infusional 5-FU is the
preferred route of administration when used concomitantly
with external-beam radiation therapy (5). Capecitabine, an
oral pro-drug of 5-FU has also been incorporated with these
combination regimens, as well as being used as a
radiosensitizer (5, 6). Since capecitabine mimics an
intermittent continuous infusion of 5-FU, interestingly
enough when capecitabine is given for 14-21 days in a dose
range of 2000-2500 mg/m2 orally, the main toxicity consists
of HFS similar that observed with CIV of 5-FU. 

The syndrome of cardiotoxicity has been recognized with 5-
FU and capecitabine based on the increased incidence, temporal
relationship, and genuine reproducibility. 5-FU is reported as
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being the second most common chemotherapeutic agent after
anthracyclines causing cardiotoxicity (7). 5-FU cardiotoxicity
ranges from asymptomatic (ECG) abnormalities to fatal
myocardial infarction. We previously published the pooled
analysis of all the cases published in the medical literature in
which cardiotoxicity was associated with 5-FU (8). Of 305
cases, 74% of patients received 5-FU as a continuous infusion;
21% as bolus, 4% as intermediate infusion, 2.5% oral and 1%
intraperitoneally. Overall, 9.2% of patients exhibiting
cardiotoxicity upon 5-FU administration died. Furthermore,
19% of patients re-challenged with 5-FU died (8). 

Recently, we published the first case report in the English
literature where a change in the mode of 5-FU administration
to bolus from infusional 5-FU- and capecitabine-induced
cardiotoxicity, was found to be safe and successful (9). This
triggered us to experiment with this change in other similar
situations where patients with different gastrointestinal
malignancies developed cardiotoxicity to CIV 5-FU or
capecitabine. Here, we present a case series of an additional
six patients who developed cardiotoxicity on infusional 5-FU
and/or capecitabine and were challenged with bolus 5-FU for
the treatment of their malignancies.

Patients and Methods

Pharmacy database was done to indicate patients for who were
treated with 5-FU and/capecitabine for solid malignancy during
May 2010 – Sep 2012. Review of electronic charts was performed.
When a cardiac event was identified in a patient on
fluoropyrimidine, paper chart was searched for details as outlined
below. Every effort was made to review laboratory tests, including
electrocardiogram (EKG), multigated acquisition scan (MUGA) and
reports of stress test if performed. Four patients were identified from
our clinic, while one patient included in this study was referred to us
from another institution for a second opinion. The sixth patient was
a self referred after he read an article read by us. Cardiotoxicity was
defined as angina-like symptoms including chest pain, shortness of
breath, palpitations, abnormal cardiac enzyme results, ischemic
changes or arrhythmia on EKG, abnormal stress test or cardiac
catheterization.

The data including age, sex, diagnoses, dose of fluoropyrimidine,
predisposing risk factors, presenting symptoms, laboratory results
on cardiac enzyme, EKGs, echocardiograms, stress tests, and
cardiac catheterizations were collected. Risk factors for ischemic
heart disease were smoking, diabetes, hypertension, hyper-
cholesteremia, and family history of ischemic heart disease.
Information about discontinuation of fluoropyrimidine and the
response to further medical management such as patient’s responses
to therapies with aspirin, nitrates, beta- blockers, and calcium
antagonist, were also evaluated.

Four patients were tested for polymorphic abnormality of human
dihydropyrimidine dehydrogenase gene (DPYD) with TheraGuide
5-FU™ (Myriad Genetic Laboratories, Inc., Salt Lake City, UT,
USA) pharmacogenetic test.

Results

The demographic characteristics of these patients are
presented in Table I. 

Symptoms in all six patients included substernal chest
pain, chest discomfort associated with dyspnea, diaphoresis,
or palpitations. All four patients with rectal cancer received
concomitant radiotherapy with radio sensitizing dose of CIV
5-FU C (225 mg/m2/24) and were then challenged with
capecitabine (1600 mg/m2/24) (Table II). The average time
of onset of cardiac events while on 5-FU was approximately
the third week of the concomitant radiochemotherapy. DPYD
was normal in all four patients tested.

Patients 1, 2, 3, 4 and 6 had elevated (CPK) and/or (MB).
Patients 1, 2 and 5 also had troponin levels elevated
(range=0.1ng/ml-0.2 ng/ml). Among five patients who had
EKG changes, patients 1 and 3 had hyper T wave in
anterolateral leads, patients 2 and 4 had T wave inversion in
lead III and IV, and patient 6 had ventricular tachycardia and
non-specific changes. 

Three patients (no. 3-5) underwent stress tests, showing
no evidence of ischemic disease. Patient 6 underwent cardiac
catheterization which revealed non-obstructive coronary
artery disease. MUGA scan was performed in three patients
(no. 1, 3 and 6) with no abnormalities observed.
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Table I. Demographic characteristics of the patients who developed cardiotoxicity on treatment with 5-FU.

Age, years Gender Diagnosis Risk factors Family history Regimen

35 M Stage III rectal cancer None None FOLFOX
34 M Stage III rectal cancer None

None 5-FU CIV with concurrent XRT
54 M Stage III colon cancer Remote history of smoking HTN FOLFOX
39 M Stage III rectal cancer None DM 5-FU CIV with concurrent XRT
56 M Stage IIB rectal cancer HTN HTN 5-FU CIV with concurrent XRT

HLP IHD
61 M Stage IV gastric cancer HLP DM ECF

HTN: Hypertension; DM: diabetes mellitus; IHD: ischemic heart disease; HLP: hyperlipidemia; FOLFOX: oxaliplatin, 5-FU and leucovorin; ECF:
epirubicin, cisplatin and 5-FU.



All patients had complete resolution of their symptoms after
cessation of 5-FU as well as capecitabine. All patients were
placed on oral aspirin 81 mg. They were prescribed sublingual
nitrates for any chest pain after discharge. Two patients were
started on metoprolol (25 mg bid). Another patient received
aspirin of 81 mg, toporol XL (25 mg qd) and lipitor (10 mg qd). 

There were no cardiac-related deaths. 

Discussion

Bolus 5-FU as an alternative to infusion, in cases of
cardiotoxicity, is rarely referred to in the medical literature.
Based on our observation from the pooled analysis and the
first case report, it gave us some level of comfort that bolus
5-FU can be an alternative for patients who have developed
cardiotoxicity and have no other chemotherapeutic options
(8, 9). Fortunately, we were able to treat all these patients
safely with bolus 5-FU. Capecitabine was challenged in
close consultation with a cardiologist but the majority of our
patients developed similar symptoms, leading to cessation of
the drug. Similar to 5-FU, capecitabine has been reported to
cause cardiotoxicity (10, 11).

The pathogenesis of this induced cardiotoxicity is not
clearly understood and may be multifactorial: coronary
vasospasm, injury of the vascular endothelium, prostacyclin
release by endothelial cells, or an immuno-allergic reaction
(12-15). The polymorphic abnormality of DPYD is theorized
as a plausible cause. Milano et al. reported one case of 
5-FU-related cardiotoxicity in 19 patients with polymorphic
abnormality of DPYD (5%) (16). However, none of our
patients were found to have pharmacogenetic abnormalities,
which allowed us to challenge the patients with capecitabine
and bolus 5-FU.

Risk factors are not well-described. Previous chest
radiation, cardiovascular disease and concurrent chemotherapy
with other cardiotoxic agents have been reported to be risk
factors. The prognostic value of pre-existing heart disease for
severity of cardiotoxicity is unclear. A meta-analysis found
that the prevalence of cardiac disease in patients with 5-FU
cardiotoxicity did not differ significantly in an age-matched
and gender-matched study (8). 

The treatment for this condition is suggested to be a
combination of anti-anginal drugs with the chemotherapy
since there are few alternatives to 5-FU and capecitabine (17-
20). In one study, seven out of 300 patients manifested
cardiac toxicity after administration of 5-FU with
prophylactic nitroglycerin which failed to prevent EKG
changes suggestive of myocardial ischemia during repeat
infusion. A similar lack of protective efficacy was seen with
either nifedipine 60 mg/day, or dilfiazem 80 mg/day
administered with simultaneous intravenous nitroglycerin at
therapeutic doses. Eskilsson and Albertsson treated 58
patients receiving fluorouracil infusions with verapamil 120
mg three times a day. They found evidence of ischemia in
12% of patients, compared with 13% in a previously studied
comparable group not receiving prophylaxis. They concluded
that calcium-channel blockade does not protect against
cardiotoxicity (19). A recent study however, showed
protective benefit (20).

It is difficult to predict which patients will develop
cardiotoxicity following 5-FU administration; therefore,
caution is required in the use of 5-FU. Patients should be
observed closely and 5-FU administration should be
discontinued if any symptoms or signs of a cardiac event
occur. In the presence of an anginal episode, it is mandatory
to stop the infusion even if no EKG changes accompany
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Table II. Summary of clinical and diagnostic findings and outcome

Patient No./Cardiac Diagnostics Re-challenge Outcome Re-challenge Outcome
Symptoms with capecitabine with bolus 5-FU

1/CP EKG + Yes Reproduced CP Yes (FLOX) Tolerated without cardiac 
Enzymes + and EKG + symptoms and signs

2/CP EKG + Yes Reproduced CP and both Yes (Mon-Wed-Fri) Tolerated without cardiac
Enzymes + EKG and Enzymes + symptoms and signs

3/CP EKG + Yes Reproduced CP but no YES (FLOX) Tolerated without cardiac
Enzymes + (XELOX) change in EKG or enzymes symptoms and signs

4/CP EKG – Yes No CP but Enzymes + Yes Tolerated without cardiac 
Enzymes + (Mon-Wed-Fri) symptoms and signs

5/CP EKG + Patient refused na Yes Tolerated without cardiac 
Enzymes – (Mon-Wed-Fri) symptoms and signs

6/CP EKG + Yes (ECX) Reproduced CP Yes Tolerated without cardiac
Enzymes + EKG + (weekly bolus symptoms and signs

Enzymes – 5-FU and leucovorin)

CP: Chest pain; EKG: electrocardiogram; XELOX: xeloda and oxaliplatin; FLOX: bolus 5-FU, leucovorin and oxaliplatin; ECX: epirubicin, cisplatin
and xeloda; +: positive; –: negative; n/a: not available.



chest pain because myocardial infarction can supervene even
if the EKG during or after angina appears normal. Nitrates
may be beneficial in the treatment of ischemic episodes. Re-
challenge with 5-FU should be reserved only for patients in
whom there is no reasonable alternative therapy and in the
absence of other risk factors, while applying aggressive
prophylaxis and close monitoring.

References

1 Myers CE: The pharmacology of the fluoropyrimidines.
Pharmacol Rev 33: 1-15, 1981.

2 Grem JL: 5-Fluorouracil: Forty-plus and still ticking. A review
of its preclinical and clinical development. Invest New Drugs
18(4): 299-313, 2000.

3 Grem JL: Biochemical modulation of 5-FU in systemic
treatment of advanced colorectal cancer. Oncology (Williston
Park) 15(1 Suppl 2): 13-19, 2001. 

4 Rougier P, Paillot B, LaPlanche A, Morvan F, Seitz JF,
Rekacewicz C, Laplaige P, Jacob J, Grandjouan S, Tigaud JM,
Fabri MC, Luboinski M and Ducreux M: 5-Fluorouracil (5-FU)
continuous intravenous infusion compared with bolus
administration. Final results of a randomised trial in metastatic
colorectal cancer. Eur J Cancer 33(11): 1789-1793, 1997.

5 Saif MW, Hashmi S, Zelterman D, Almhanna K and Kim R:
Capecitabine vs. continuous infusion 5-FU in neoadjuvant
treatment of rectal cancer. A retrospective review. Int J
Colorectal Dis 23(2): 139-145, 2008. 

6 Saif MW, Katirtzoglou NA and Syrigos KN: Capecitabine: an
overview of the side-effects and their management. Anticancer
Drugs 19(5): 447-464, 2008. 

7 Anand AJ: Fluorouracil cardiotoxicity. Ann Phanrmacother
28(3): 374-378, 1994.

8 Saif MW, Shah MM and Shah AR: Fluoropyrimidine-associated
cardiotoxicity: Revisited. Expert Opin Drug Saf 8(2): 191-202,
2009. 

9 Shaib W, Lee V and Saif MW: Bolus 5-fluorouracil as an
alternative modality to infusion 5-fluorouracil in a patient with
rectal cancer and capecitabine-induced cardiotoxicity. In Vivo
23(5): 821-826, 2009.

10 Saif MW, Quinn MG, Thomas RR, Ernst A and Grem JL:
Cardiac toxicity associated with capecitabine therapy. Acta
Oncol 42(4): 342-344, 2003.

11 Saif MW, Tomita M, Ledbetter L and Diasio RB: Capecitabine-
related cardiotoxicity: recognition and management. J Support
Oncol 6(1): 41-48, 2008.

12 Südhoff T, Enderle MD, Pahlke M, Petz C, Teschendorf C,
Graeven U and Schmiegel W: 5-Fluorouracil induces arterial
vasocontractions. Ann Oncol 15(4): 661-664, 2004. 

13 Shoemaker LK, Arora U and Rocha Lima CM: 5-Fluorouracil-
induced coronary vasospasm Cancer Control 11(1): 46-49, 2004. 

14 Cwikiel M, Zhang B, Eskilsson J, Wieslander JB and Albertsson
M: The influence of 5-fluorouracil on the endothelium of small
arteries. An electron microscopic study in rabbits. Scan Microsc
9: 561-576, 1995.

15 Milano G, Etienne MC, Pierrefite V, Barberi-Heyob M, Deporte-
Fety R and Renée N: Dihydropyrimidine dehydrogenase
deficiency and fluorouracil-related toxicity. Br J Cancer 79(3-4):
627-630, 1999.

16 Mosseri M, Fingert HJ, Varticovski L, Chokshi S and Isner JM:
In vitro evidence that myocardial ischemia resulting from 5-
fluorouracil chemotherapy is due to protein kinase C-mediated
vasoconstrication of vascular smooth muscle. Cancer Res 53:
3028-3033, 1993. 

17 Cianci G, Morelli MF, Cannita K, Morese R, Ricevuto E, Di
Rocco ZC, Porzio G, Lanfiuti Baldi P and Ficorella C:
Prophylactic options in patients with 5-fluorouracil-associated
cardiotoxicity. Br J Cancer 88(10): 1507-1509, 2003.

18 Eskilsson J and Albertsson M: Failure of preventing 5-flurouracil
cardiotoxicity by prophylactic treatment with verapamil. Acta
Oncol 29: 1001-1003, 1990. 

19 Oleksowicz L and Bruckner HW: Prophylaxis of 5-fluorouracil-
induced coronary vasospasm with calcium channel blockers. Am
J Med 85: 750-751, 1988.

20 Rezkalla S, Kloner RA, Ensley J, AI Sarraf M, Revels S and
Olivenstein A: Continuous ambulatory ECG monitoring during
fluorouracil therapy: A prospective study. J Clin Oncol 7: 509-
514, 1989.

Received April 27, 2013
Revised June 9, 2013

Accepted June 10, 2013

in vivo 27: 531-534 (2013)

534


